Abstract: Few studies have examined overall patterns of eating alone in relation to the risk of metabolic syndrome (MetS) in Korean populations. The present study aimed to examine the relationship between patterns of eating alone and the risk of MetS in Korean adults. Data from the Korea National Health and Nutrition Examination Survey (KNHANES) for 2013-2015 were used, with 8988 Korean adult participants, including 3624 men and 5364 women, aged 18 to 64 years. Patterns of eating alone were categorized into eight groups based on the total frequency of eating alone on a daily basis in the past one year: (1) three times for breakfast, lunch, and dinner; (2) twice for breakfast and dinner; (3) twice for lunch and dinner; (4) twice for breakfast and lunch; (5) once for breakfast only; (6) once for lunch only; (7) once for dinner only; and (8) never eating alone. The presence of MetS has been defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) and International Diabetes Federation (IDF). Multivariable logistic regression analyses were performed to assess the association between patterns of eating alone versus the risk of MetS after controlling for age, income, occupation, number of family members, generation types, marital status, smoking status, and physical activity. The prevalence of MetS was the highest in men and women aged 40-64 who had breakfast, lunch, and dinner alone (50.1% and 36.8%, respectively). Men who had dinner alone or lunch and dinner alone compared with those who eat with others had a significantly higher risk of MetS, with adjusted odds ratios (AOR) of 1.51, and a 95% confidence interval (CI) of 1.06-2.16; and an AOR of 1.54, with a 95% CI of 1.05-2.25, respectively. Women who had breakfast alone compared with those who ate with others had a significantly lower risk of MetS (AOR 0.70, 95% CI 0.53-0.94). In conclusion, patterns of eating alone are differentially associated with the risk of MetS in a representative sample of Korean adults. Future studies are warranted to identify dietary patterns across the different eating alone patterns in relation to various health outcomes in Korean adult populations.
Introduction
Dietary behaviors have been rapidly changing in Korea, and the phenomenon of eating alone more often in Korean society has been receiving considerable attention [1] . Korean society has long been dominated by collectivism and community but has been experiencing the creation of an 'alone generation'. 'Alone generation' or loner are terms that have been used since 2010 for Koreans who willingly do activities alone [2, 3] . These individuals eat, drink, and travel alone. The increasing
Data and Methods
Data from the Korea National Health and Nutrition Examination Survey (KNHANES) for 2013-2015 were used for this study. KNHANES is an ongoing cross-sectional survey designed using complex, stratified, multistage, and probability cluster sampling to obtain nationally representative estimates. A total of 22,948 study participants completed the KNHANES 2013-2015 survey. Exclusion criteria for the study included those participants under 19 or 65 years or older (n = 9423), pregnant or lactating women (n = 237), those with daily energy intakes below 500 kcal and over 5000 kcal (n = 222), and those with missing responses on daily energy intake (n = 1724). We also excluded study participants with missing responses about socio-demographic characteristics (n = 1640), health-related behaviors such as smoking status and physical activity (n = 94), meal companionship (n = 45), components of MetS measurements (n = 568), and BMI (n = 7). The final analytic sample consists of 8988 participants (3624 men and 5364 women).
Determining a respondent's meal companion during the last year was assessed using the question: "During the last year, did you usually eat breakfast with others?" If participants answered "no", they were classified as "eating alone". The "breakfast" meal occasion question was replaced with lunch or dinner.
A total of eight categories were created based on the total frequency of eating alone on a daily basis in the past one year: (1) three times for breakfast, lunch, and dinner; (2) two times for breakfast and dinner; (3) two times for lunch and dinner; (4) two times for breakfast and lunch; (5) once for breakfast only; (6) once for lunch only; (7) once for dinner only; and (8) zero times eating alone.
The presence of MetS has been defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) [23] and International Diabetes Federation (IDF) [24] . Individuals with three or more of the following risk factors were defined as having MetS: (1) abdominal obesity (waist circumference ≥ 90 cm for men and ≥ 80 cm for women; (2) elevated triglycerides (TG) (fasting TG ≥ 150 mg/dL), or individuals who had taken medications for dyslipidemia or had a diagnosis of dyslipidemia from a physician; (3) low high-density lipoprotein cholesterol (HDL-C) levels (fasting HDL-C < 40 mg/dL for men and < 50 mg/dL for women); (4) elevated fasting blood glucose (FBG) levels (FBG ≥ 100 mg/dL), or individuals who had taken medication for high blood glucose or had a diagnosis of diabetes from a physician; and (5) elevated blood pressure (BP) (systolic BP (SBP) ≥ 130 mmHg or diastolic BP (DBP) ≥ 85 mmHg), or individuals who had taken medication for high BP (HBP) or had a diagnosis of HBP from a physician.
Sociodemographic characteristics were considered, such as age (in years, continuous), education (below or equivalent to elementary school graduates, middle school graduates, high school graduates or college graduates and above), marital status (married or unmarried), income (lower, lower middle, upper middle, or highest), number of family members in a household (1, 2, 3, 4, 5, or ≥ 6 members), and household type (single person, married couples without children, other (one generation), married couples with children, single parent with children, other (two generations), or more than three generations), along with health-related behaviors such as smoking status (nonsmoker, former smoker, current smoker) and physical activity (yes or no; yes to vigorous intensity activities for at least 75 min/week, or moderate intensity activities for at least 150 min/week, or an equivalent combination of moderate and vigorous intensity activity during a typical week).
Distribution of sociodemographic and lifestyle factors by sex were assessed by the frequency and weighted percentages. Distribution of sociodemographic and lifestyle characteristics based on the eight patterns of eating alone were computed and tested by Chi-square analyses. Mean and standard errors of anthropometric and biomarkers of MetS were calculated and then compared across the different patterns of eating alone by sex. Post-hoc Bonferroni tests were conducted to detect significant differences between each group. Adjusted odds ratios (AOR) and 95% confidence intervals (CI) were calculated to separately examine the association between the patterns of eating alone and the risk of MetS and its five components in men and women, after controlling for confounding variables. Lastly, the prevalence of MetS was calculated in the overall population stratified by different age groups (19-39 vs. 40-64 years) and sex (men vs. women). Sample weights, strata, and primary sampling units were applied to account for the complex survey design, survey non-response, and post-stratification design [25] . A two-tailed p value (< 0.05) was considered statistically significant. All statistical analyses were performed using SAS (version 9.4; SAS Institute, Inc., Cary, NC, USA).
Results
Distribution in age group, education, occupation, number of family members in a household, household generation type, marital status, physical activity, and smoking status significantly differed by sex (p value < 0.05) ( Table 1) . Patterns of eating alone significantly differed by age group, education, income status, occupation, number of family members, household generation type, and marital status in men (all p values < 0.05). In women, patterns of eating alone significantly differed by age group, education, income, occupation, number of family members, household generation type, marital status, and smoking status (all p values < 0.05) ( Table 2 ). Men with more than a college education were more likely to eat with others (46.0%) or had only breakfast alone (50.1%). Married men had the highest proportion of zero times eating alone (74.0%). A higher proportion of adults with an elementary school degree who had breakfast, lunch, and dinner alone was found in both men and women (14.8% and 21.0%, respectively) compared with other patterns of eating alone. A higher proportion of employed men ate with a companion, whereas unemployed men were more likely to eat breakfast, lunch, and dinner alone (84.8% vs. 34.9%, respectively). Employed women had higher rates of eating breakfast and lunch alone (75.7%), and unemployed women had higher rates of eating breakfast and lunch alone (61.9%). More than 70% of women from two-generation households either never ate alone or only had breakfast alone. A higher number of married women had lunch alone (88.5%), breakfast and lunch alone (85.4%), and breakfast, lunch, and dinner alone (84.5%). Unmarried men had highest proportion of eating breakfast only and dinner only alone (32.3% and 32.2%, respectively).
Anthropometric measurements, components of MetS, and energy intake across the patterns of eating alone are presented in Table 3 . In men, no significant difference was found except for energy intake. Men who had breakfast alone reported higher energy intakes compared to those who reported never eating alone, lunch alone, dinner alone, or lunch and dinner alone (all p values < 0.05). In women, mean and standard errors of BMI, waist circumference, SBP, DBP, total cholesterol, and triglycerides significantly differed with the patterns of eating alone (all p values < 0.05). BMI in women who reported eating breakfast, lunch, and dinner alone had significantly higher BMI compared to those who ate breakfast alone. Women who had breakfast, lunch, and dinner alone had a significantly higher waist circumference than those who ate all meals with others, breakfast alone, and breakfast and dinner alone, respectively. Women who had breakfast, lunch, and dinner alone had a significantly higher SBP compared with those who ate with others, ate breakfast alone, lunch alone, dinner alone, breakfast and lunch alone, and breakfast and dinner alone. Women who had breakfast, lunch, and dinner alone had a significantly higher DBP and total cholesterol level compared with those who ate with others and ate breakfast alone. Women who had breakfast alone had higher HDL-C compared with those who ate breakfast, lunch, and dinner alone. Women who ate breakfast, lunch, and dinner alone had a significantly higher level of TG compared with those who had breakfast and dinner alone, breakfast alone, and ate with others (Table 3) .
Men who ate dinner alone or lunch and dinner alone compared with those who ate with others had a significantly higher risk of MetS (adjusted odds ratios (AOR) 1.51, 95% confidence intervals (CI) 1.06-2.16; AOR 1.54, 95% CI 1.05-2.25, respectively). Women who had breakfast alone compared with those who ate with others had a significantly lower risk of MetS (AOR 0.70, 95% CI 0.53-0.94). For abdominal obesity, men who had lunch and dinner alone, breakfast and dinner alone, or breakfast, lunch, and dinner alone all had a significantly higher risk of abdominal obesity (AOR 2.01, 95% CI 1.27-3.20; AOR 1.50, 95% CI 1.00-2.25; AOR 1.60, 95% CI 1.01-2.51, respectively) compared with those who ate with others. No significant association was found between patterns of eating alone and the risk of abdominal obesity in women. Women who had lunch and dinner alone compared with those who ate with others had a lower risk of low HDL-C (AOR 0.71, 95% CI 0.52-0.96). Women who had lunch alone had a higher risk of elevated TG (AOR 1.24, 95% CI 1.00-1.53) compared with those who ate with a companion. Women who had breakfast and dinner alone had a lower risk for elevated FBG compared with those who eat with others (AOR 0.59, 95% CI 0.38-0.92). In men, those who ate breakfast and dinner alone had higher risk of elevated BP compared with those who ate with others (AOR 1.54, 95% CI 1.03-0.30) ( Table 4) . Bonferroni post-hoc test was conducted to test the differences between groups in patterns of eating alone. a,b,c Different letters, within a row, denote the significant differences between each group (p value < 0.05). SE: standard error; BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDL-C: HDL-cholesterol; TG: triglycerides; B: Breakfast; L: Lunch; and D: Dinner. Table 4 . Adjusted odds ratios for the risk of metabolic syndrome and its components by the patterns of eating alone in men and women.
in women aged 19-39 years. In men aged 40-64 years, there was a significant association between the prevalence of MetS and the patterns of eating alone (p value = 0.0006). Notably, the prevalence of MetS was the highest (50.1%) in men aged 40-64 years who had breakfast, lunch, and dinner alone ( Figure 1 
A significant association was observed between the prevalence of MetS and the patterns of eating alone in men and women (all p values < 0.05). When stratified by age group (19-39 vs. 40-64 years), a significant relationship was found between the prevalence of MetS and the patterns of eating alone in women aged 19-39 years. In men aged 40-64 years, there was a significant association between the prevalence of MetS and the patterns of eating alone (p value = 0.0006). Notably, the prevalence of MetS was the highest (50.1%) in men aged 40-64 years who had breakfast, lunch, and dinner alone (Figure 1 ). 
Discussion
The present study demonstrated that the patterns of eating alone are differentially associated with the risk of MetS in Korean men and women. We found that men who ate 1 time alone for dinner or two times alone for lunch and dinner in comparison with zero times of eating alone demonstrated a significantly higher odds of having MetS after controlling for numerous sociodemographic and lifestyle factors. In women, we found those who ate one time alone for breakfast had lower odds of developing 
The present study demonstrated that the patterns of eating alone are differentially associated with the risk of MetS in Korean men and women. We found that men who ate 1 time alone for dinner or two times alone for lunch and dinner in comparison with zero times of eating alone demonstrated a significantly higher odds of having MetS after controlling for numerous sociodemographic and lifestyle factors. In women, we found those who ate one time alone for breakfast had lower odds of developing MetS.
In the present study, age, education, income, occupation, number of family members in a household, household generation types, and marital status were significantly associated with patterns of eating alone in both men and women. In a study investigating various factors for eating alone for dinner among Korean adults [13] , the authors found that age group, living arrangement, household income, having a spouse, and education level were all significantly associated with having a dinner companion. Specifically, the study found that men aged 50 years or older, with no spouse, smokers, and with a low self-care level had all significantly higher rates of eating alone for dinner. In the present study, similar finding was shown as men aged ≥ 50 years who live alone with lower income status were more likely eat two times alone for breakfast and dinner or eat three times alone for breakfast, lunch, and dinner.
Notably, men in one-person households were more likely eat lunch and dinner; breakfast and dinner; and breakfast, lunch, and dinner alone (23.0%, 20.8%, and 31.8%, respectively). Women in one-person households also had higher rates of eating breakfast, lunch, and dinner alone (22.7%). In'Korea, single-person households have increased from 27.9% in 2016, being projected to reach 36.3% in 2045 [26] . Moreover, households headed by a single man or woman and single-person households were more likely to experience food insecurity in comparison with two-adult headed households in a Korean population [27] . The authors stated that the food insecurity status of households may be partially attributed to poorer economic status.
Unhealthy eating behaviors such as skipping meals and higher risk of obesity were found for older Japanese adults who ate alone in a single-person household [9] . The authors found that there are joint and combined effects of eating alone and living alone in terms of unhealthy dietary behaviors and unfavorable health outcomes. In the meantime, no significant association was found between Japanese older men who ate and lived alone and mortality risk in a fully-adjusted model that accounted for social adjustment [28] . Notably, men who ate alone yet lived with others had increased risk for mortality. This illustrates eating alone may be an independent risk factor for adverse health outcomes in men, regardless of living arrangements.
In the present study, men who had dinner alone and breakfast and dinner alone had an increased risk of MetS. Men who had dinner alone and breakfast and dinner alone were more likely to be in a single-person household (20.2% vs. 20.8%, respectively). Specifically, more than half the men who had dinner alone were unmarried (54.5%). This highlights that the high occurrence of eating alone may be an important risk factor for MetS in unmarried men as often women may promote the health of the men they live with through cooking, shopping, and menu planning. This parallels with previous findings that Korean adult men who ate alone without a spouse had a higher likelihood of having MetS in comparison to those men with a spouse [21] . In addition, married people demonstrate longer survival and lower mortality rates compared with those who have never married, or are separated, widowed, or divorced [29] [30] [31] . In another study investigating the association between marital status and vegetable intake among Koreans older than 30 years, married individuals consume more vegetables compared with other marital status groups [32] , and vegetable intake was reported to be the lowest among those who had never married.
Men who had lunch and dinner alone, breakfast and dinner alone, and breakfast, lunch, and dinner alone had higher risks for abdominal obesity, but no significant association was found in women. When the total number of eating episodes was examined in relation to the risk of MetS in Korean adults [33] , only men who eat less than or equal to twice per day had a significantly higher risk for abdominal obesity compared with those who eat three meals per day. Unhealthy meals including high fat intake and energy-dense food increased oxidative stress levels [34] of men who eat alone, which may explain the pathway to an increased risk of MetS in men [35] . Interestingly, in women, those who had breakfast alone had a decreased risk for MetS. We found that women who ate breakfast alone had a significantly lower BMI, waist circumference, SBP, DBP, TC, and TG levels compared with those who ate breakfast, lunch, and dinner alone. They are young age groups (19-29 years) with higher education levels (more than college graduate) and highest quartile income level, and mostly living in a two-generation household. In the meantime, women who had all meals alone had the highest BMI, waist circumference, SBP, DBP, total cholesterol, and TG. This indicates the highest metabolic risks for those women who ate alone three times each day.
Sobal and Nelson [6] suggested that structural individualism is related to social isolation in the postindustrial era and that it has acted as a barrier to eating with others. Eating alone does not simply reflect dietary behavior; it can also be viewed as an indication of social and cultural changes, such as rising levels of individualism, more social isolation, and increasing loneliness. In the past in Korea, food was a medium for sharing affection among people [36] . Food can satisfy hunger, but it also has critical values, such as building social ties and connections among people [6, 37] .
The strengths of this study include using a nation-wide, representative sample of the Korean population and its generalizability to Korean adult population. To the best of our knowledge, this is the first study to identify different patterns of eating alone in Korean adults. Previous studies did not account for different eating alone patterns based on meal occasions rather than the total number of meals in relation to socioeconomic and lifestyle factors and MetS. Furthermore, the present study controlled for a number of confounders including socioeconomic status, household composition, generation types, and physical activity. Despite the strengths of this study, the study has the following limitations. Using self-reported questionnaires, recall bias may have occurred. Secondly, the KNHANES is a cross-sectional study [25] , so the cause-effect relationship cannot be established, although the association or relationship between patterns of eating alone and the risk of MetS was observed. Furthermore, eating alone for each meal occasion was obtained from a simplified question that can be only answered with two responses, so in-depth information such as the reasons for eating alone was not available in this study.
Conclusions
Our study findings highlight that the patterns of eating alone are differentially associated with sociodemographic and lifestyle factors, and the risk of MetS with sex differences in Korean men and women. Men who had dinner alone or breakfast and dinner alone had an increased risk of MetS after adjusting for age, income, occupation, number of family members in a household, generation type, marital status, smoking status, and physical activity. Women who had breakfast alone had a decreased risk of MetS after controlling for covariates. Future studies are warranted to identify distinct dietary patterns across the different types of eating alone in relation to various health outcomes in the Korean adult population. 
